Objective To explore the association between migraine and risk of ischaemic stroke. Design Systematic review and meta-analysis.
Introduction
Migraine is the most common type of headache in young adults, with an estimated prevalence of 4% before puberty and as high as 25% in women by their mid to late 30s.
1 Some observational studies have shown an increase in the risk of stroke among people with a history of migraine, 2 but others have failed to find this association. 3 The mechanism of this potential association is believed to be in part through platelet hyperaggregability and the reduction in cerebral blood flow that usually occurs in migraine with aura. 4 A potential association between the risk of stroke and migraine is an important public health concern, especially in young women who use oral contraceptives, which by itself may be an independent risk factor for stroke. 5 We sought to explore the association between migraine and ischaemic stroke by conducting a meta-analysis. Specifically, we set out to quantify the risk of ischaemic stroke among people with migraine (with and without aura), as well as to quantify this risk among different age groups and users of oral contraceptives.
Methods

Search strategy
We systematically searched Medline (1966 ( -June 2004 and Embase (1974 -June 2004 for both English and non-English language articles by entering "brain ischemia," "cerebrovascular accidents," "cerebrovascular disorders," "cerebral infarction," "ischemic attack," "migraine," and "oral contraceptives" as both medical subject heading (MeSH) terms and text words. We then retrieved all relevant articles as determined by consensus among the authors and searched the reference lists of retrieved articles to find other potentially relevant articles.
Data extraction
We included studies if they used clear diagnostic criteria for migraine; had clearly stated diagnostic criteria for the outcome of ischaemic stroke; had controlled for potential confounders by using risk adjustment in the analysis or matching in the study design; and provided odds ratios or relative risks and 95% confidence intervals or provided enough data to allow us to calculate these numbers. In order to quantify the risk of stroke among people with migraine who were also using oral contraceptives, the studies had to provide data for migraine patients who were exposed to oral contraceptives compared with those who were not taking these agents. We also scored the quality of the studies by using a 10 point scale adapted from a recently published quality scale for observational studies (five criteria ranked 0, 1, or 2) and stratified the studies by score (a score of 7 or above indicates high quality; a score of 6 or below indicates low quality). 6 
Data analysis
We weighted log relative risks for cohort studies or odds ratios by the inverse of their variances to obtain a pooled measure of the relative risks. We used the assumption that an odds ratio from a case-control study approximates the relative risk in a cohort study. We combined cohort studies and case-control studies in the absence of statistical heterogeneity. When results from the fixed and random effects models were different, we presented the second as it represents a more conservative approach. We tested for heterogeneity by using the DerSimonian and Laird Q statistic. We also measured heterogeneity by using the R i statistic, which quantifies the proportion of the total variance that is due to between study variance. 7 We assessed publication bias graphically by using a funnel plot as well as quantitatively with Egger's regression. 8 In order to assess publication bias further we also did a sensitivity analysis, in which we assessed the potential effect of publication bias on our pooled relative risks by using three assumptions: published studies included in our meta-analysis represent only half of the studies ever conducted; the remaining unpublished studies have found null associations (that is, relative risk = 1); the unpublished studies included as many cases and controls as the average of the published studies. This approach has been used in previously published meta-analysis. 9 We used HEpiMA version 2.13 for all analyses.
Results
Our search resulted in 11 case-control studies, 2-3 11-19 three cohort studies, [20] [21] [22] and one cross sectional study 23 (table 1) . We excluded the cross sectional study from the analysis, as the timing of diagnosis of migraine with respect to development of ischaemic stroke was difficult to infer in this study. In total, we included 14 studies in the meta-analysis.
2-3 11-22 Six studies provided data on the risk of ischaemic stroke and migraine with and without aura.
2 3 12-14 17 The age of the participants in the included studies ranged from 15 to 84 years. The incidence of stroke among people with migraine in the three cohort studies ranged from 3.56 to 350 cases per 100 000 person years. [20] [21] [22] The pooled relative risk for ischaemic stroke among patients with any type of migraine headache was 2.16 (95% confidence interval 1.89 to 2.48) (table 2, fig 1) . The relative risks for people with migraine with and without aura were 2.27 (1.61 to 3.19) and 1.83 (1.06 to 3.15). This risk did not differ when we stratified our analysis by age (table 2). Users of oral contraceptives had an approximately eightfold increase in the risk of stroke compared with those not using these agents.
We did not find evidence of publication bias either graphically from the funnel plot (fig 2) or quantitatively (P = 0.685 for Egger's test of asymmetry). The pooled relative risk for the sensitivity analysis still showed a significant increase in the risk of stroke (relative risk 1.43, 1.21 to 1.68).
Discussion
The results of our study strongly suggest that migraine may be an independent risk factor for stroke. The magnitude of this risk remained the same across all studies (case-control and cohort) as well as in those that provided data on migraine with aura, migraine without aura, and oral contraceptive users. The risk of stroke among oral contraceptive users is very high, although these data come from only three studies. Other studies in women who were users of oral contraceptives have shown that those with a history of migraine have twice the likelihood of developing an ischaemic stroke compared with those without migraine (relative risk 2.15, 95% confidence interval 0.85 to 5.45). 24 Given that use of oral contraceptives is prevalent among young women, the potential risk of stroke among women with migraine who are also users of oral contraceptives must be further investigated. Possible mechanisms for this association include irregularities in blood flow, 25 cardiac abnormalities, 26 and abnormal production of prostaglandins as well as noradrenergic or cholinergic transmitters and receptors. 
Limitations
Our meta-analysis is subject to several limitations. Firstly, most of the studies in the meta-analysis were case-control studies, which are subject to recall bias. Cases may have been more likely to classify their headache as a migraine headache (as opposed to a tension headache). Secondly, although almost all the studies controlled for appropriate confounders in either the design or the analysis, some important confounders may not have been controlled for. For example, use of antihypertensive drugs may be a potential confounder, as these drugs may be used to prevent migraine attacks as well as future strokes. However, use of these drugs among people with migraine would probably have produced a decrease in the risk of stroke, which was not seen in our study. Antiphospholipid antibodies have been thought to be linked to stroke and possibly to migraine. 28 None of the studies included in the meta-analysis provided information on this potential confounder. People who have migraine attacks might be less likely to be diagnosed as having a stroke, as the symptoms of migraine may be confused with those of stroke. Although this remains a possibility, many of the studies included in the meta-analysis used strict criteria to define ischaemic stroke, including duration of symptoms of at least 24 hours, as well as confirmation of diagnosis by brain imaging or autopsy. Finally, we could not infer from the studies a temporal relation between the onset of migraine and the diagnosis of stroke.
Conclusion
Data from observational studies suggest that migraine may be a risk factor in developing stroke. More studies are needed to explore the mechanism of this potential association. The risk of migraine among users of oral contraceptives must be further investigated.
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What is already known on this topic
Studies have suggested that migraine may be a risk factor for stroke, but results from these studies have been inconsistent
What this study adds
Migraine both with and without aura may be an independent risk factor for ischaemic stroke This risk is higher among oral contraceptive users and younger adults ( < 45 years)
